
SIMULATION OF JANUARY 1-7, 1978 EVENTS 7 7 7 D 3  CR. 

J. K .  Chao 
Center  f o r  Space and Remote Sens ing  Research 

Na t iona l  Cen t ra l  U n i v e r s i t y  
Chung-Li , Taiwan 

and 

M. B. Moldwin and S.-I .  Akasofu 
Geophysical I n s t i t u t e ,  U n i v e r s i t y  of Alaska 

Fa i rbanks ,  Alaska 99775-0800 

ABSTRACT 

The s o l a r  wind d i s t u r b a n c e s  dur ing  January  1-7, 1978 is r e c o n s t r u c t e d  by a 

modeling method. F i r s t  of a l l ,  the  i n t e r p l a n e t a r y  IMF background p a t t e r n ,  

i n c l u d i n g  a c o - r o t a t i n g  shock ,  is reproduced u s i n g  t h e  S t a n f o r d  s o u r c e  s u r f a c e  

map. Then, two s o l a r  f lares  w i t h  t he i r  o n s e t  times on Janua ry  1 ,  0717 a t  

S17°E100 and 2147 UT S17OE32O, r e s p e c t i v e l y ,  are  selected t o  g e n e r a t e  two 

i n t e r p l a n e t a r y  t r a n s i e n t  shocks .  It i s  shown t h a t  these two shocks  i n t e r a c t e d  

wi th  the c o r o t a t i n g  shock ,  r e s u l t i n g  i n  a series of i n t e r p l a n e t a r y  e v e n t s  

observed by f o u r  spacecraft ,  He l ios  1 and 2 ,  IMP-8, and Voyager 2. I n  p a r t i c u -  

l a r ,  ou r  s i m u l a t i o n  r e s u l t s  show t h a t  these three shock waves i n t e r a c t  and 

c o a l e s c e  i n  i n t e r p l a n e t a r y  space such t h a t  He l ios  2 and Voyager 2 observed  

o n l y  one  shock and He l ios  1 and IMP-8 observed  two shocks.  A l l  shocks  observed  

by t h e  f o u r  spacecraft, except  t h e  c o r o t a t i n g  shock a t  He l ios  1 ,  are e i ther  a 

t r a n s i e n t  shock o r  a shock which is formed from c o a l e s c i n g  of t h e  t r a n s i e n t  

shocks w i t h  t h e  c o r o t a t i n g  shock. O u r  method is u s e f u l  i n  r e c o n s t r u c t i n g  a 

ve ry  compl ica ted  cha in  of i n t e r p l a n e t a r y  e v e n t s  observed by a number of space- 

c ra f t  . 
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I. INTRODUCTION 

The shape and n a t u r e  of i n t e r p l a n e t a r y  shocks  are u s u a l l y  s t u d i e d  u s i n g  

mu1 t i p l e  spacecraft o b s e r v a t i o n s  i n  o rde r  t o  unders tand  their propagat ion  and 

o r i g i n .  During a p a r t i c u l a r  time i n t e r v a l ,  there may be more than  one shock 

even t  i n  i n t e r p l a n e t a r y  space. Therefore ,  i t  is n o t  a t r i v a l  matter t o  

i d e n t i f y  a g iven  shock event  i n  t h e  data from s e v e r a l  s p a c e c r a f t .  I n  a d d i t i o n  

t o  t h i s  d i f f i c u l t  t a sk ,  it has been observed  t h a t  one shock event  observed  a t  

one spacecraft is no t  n e c e s s a r i l y  observed by ano the r  spacecraft a t  a nearby 

l o c a t i o n  i n  i n t e r p l a n e t a r y  space. This  makes t h e  i d e n t i f i c a t i o n  of shock 

e v e n t s  even more d i f f i c u l t .  

S ince  the m u l t i p l e  spacecraft obse rva t ions  can o n l y  de te rmine  t h e  macro- 

s c o p i c  c o n f i g u r a t i o n  of t h e  shock e v e n t ,  a detai led d e s c r i p t i o n  of t h e  

propagat ion  of the i n t e r p l a n e t a r y  shock wave has t o  r e l y  on a numerical  simu- 

l a t i o n  method. A s o l a r  f l a r e  and/or a co rona l  mass e j e c t i o n  (CME) can g e n e r a t e  

i n t e r p l a n e t a r y  t r a n s i e n t  shocks (Sheeley e t  a1 . , 19831, while  high speed 

streams from coronal  h o l e s  can genera te  c o r o t a t i n g  shocks  (Smith and Wolfe, 

1976). Thus, we m u s t  examine c a r e f u l l y  how effects of a series of s o l a r  e v e n t s  

f o r  a given pe r iod  are propagated i n t o  i n t e r p i a n e t a r y  space by a d o p t i n g  a 

numerical  method. 

S imula t ions  from the  simple one-dimensional gas dynamics t o  t h e  s o p h i s t i -  

cated three-dimensional MHD have been used t o  simulate t h e  i n t e r p l a n e t a r y  

shocks (Hundhausen and Gent ry ,  1969; Dryer,  1975 ; Hakamada and Akasof u, 1982 ; 

Wu e t  a l . ,  1983). The p r e d i c t i o n  of such  s i m u l a t i o n s  f o r  t h e  c o n f i g u r a t i o n  and 

p ropaga t ion  of i n t e r p l a n e t a r y  d i s tu rbances  show reasonab le  agreement w i t h  

o b s e r v a t i o n s .  However, so  far even t h e  most s o p h i s t i c a t e d  three-d imens iona l  

MHD s i m u l a t i o n  models have no t  taken i n t o  account a l l  a v a i l a b l e  nonuniform 

p r o p e r t i e s  of the s o l a r  wind. Thus, there are some impor tan t  o b s e r v a t i o n a l  
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f ac t s  which cannot be p red ic t ed  from the  numerical  s t u d i e s  a t  the  p r e s e n t  

time. Thus, i n  adop t ing  t h e  numerical methods, w e  must be c a u t i o u s  about t h i s  

l i m i t a t i o n .  

I n  t h i s  s t u d y ,  i n t e r p l a n e t a r y  d i s t u r b a n c e s  and shock waves du r ing  t h e  

p e r i o d  of January  1-7, 1978 w i l l  be analyzed u s i n g  t h e  solar o b s e r v a t i o n s ,  t h e  

a r r i v a l  time of t h e  shocks a t  each spacecraft, t h e  plasma and magnetic f i e l d  

data observed by He l ios  1 and 2,  IMP-8 and Voyager 2 ,  as well as a numerical  

s i m u l a t i o n  method developed by Hakamada and Akasofu (1981, 1982).  Their method 

has r e c e n t l y  been improved by inco rpora t ing  MHD s o l u t i o n s  (Sun e t  a l . ,  1985; 

Olmsted and Akasofu, 1983). I n  t h i s  paper ,  we u t i l i z e  t h e  improved method. 

Burlaga e t  a l .  (1981) have a l ready  ana lyzed  t h e  magnet ic  f i e l d  and plasma 

data from 5 spacecraft (He l ios  1 and 2,  IMP-8 and Voyager 1 and 2 )  f o r  the 

pe r iod  of January  1-7, 1978 and concluded t h a t  o n l y  one  i n t e r p l a n e t a r y  shock 

event  fo l lowed by a magnetic cloud is observed by a l l  5 spacecraft. A s  we 

describe i n  detai l  i n  t h e  fo l lowing ,  a c l o s e  examinat ion  of t he  s o l a r  wind 

data has l e d  us t o  a d i f f e r e n t  conclus ion .  Thus, i n  o r d e r  t o  confirm our 

conc lus ion ,  we r e c o n s t r u c t  the chain of e v e n t s  u s i n g  our  numerical  s imula t ion  

method. Indeed, our r e s u l t s  show t h a t  there were three i n t e r p l a n e t a r y  even t s :  

two flare- ( o r  s o l a r  a c t i v i t y )  a s s o c i a t e d  shocks and one c o r o t a t i n g  shock. 

They i n t e r a c t  wi th  each o t h e r  dur ing  t h i s  p e r i o d ,  r e s u l t i n g  i n  a sequence of 

i n t e r p l a n e t a r y  e v e n t s  observed by Hel ios  1 and 2, IMP-8 and Voyager 2.  

11. OBSERVATIONS AND INTERPRETATIONS OF THE J A N U A R Y  1-7, 1978 EVENTS 

1 .  The p o s i t i o n s  of the s p a c e c r a f t  are shown i n  F i g u r e  1 .  He l ios  1 was near  

t h e  Voyager-Sun l i n e  at 0.9 A U ;  He l ios  2 and IMP-8 were c l o s e  t o  one 

ano the r  near 1 AU; and Voyager 2 was a t  2 AU and was 30" east  of t h e  

earth. 
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The a r r i v a l  time of t he  shocks and the  l o c a t i o n s  of t h e  spacecraft are 

l i s t e d  i n  T a b l e  I. 

Table I. 

Shock Events  Observed by F ive  Spacec ra f t  

S I C  Shock Date Time Dis tance  SSE* (Deg) - 
H e l i o s  1 1978, Jan .  2 01 :oo 0.94 -39.2 

**Helios 1 1978, Jan.  3 08 : 38 0.95 -39.6 

He l ios  2 1978, Jan.  3 14:50 0.94 - 5.3 

IMP-8 1978, Jan. 3 20:41 1 .oo 
 I IMP-^ 1978, Jan .  5 16:OO 1 .oo 

0.0 

0.0 

Voyager 2 1978, Jan.  6 01 :34 2.00 -30.0 

* SSE - Spacecraf t-Sun-Earth Angle 

**Transient  Shock 

These shocks were selected by Burlaga e t  a l .  (1987 from t he  high r e so lu -  

t i o n  plasma and magnetic f i e l d  da t a  g iven  i n  Burlaga et a l .  (1981 excep t  the  

t r a n s i e n t  shock of IMP-8 i n  Table  I was selected by B o r r i n i  e t  a l .  (1982) a l s o  

us ing  t h e  h igh  r e s o l u t i o n  plasma and magnet ic  f i e l d  data and have been shown 

t o  s a t i s f y  t h e  Rankine-Hugoniot jump r e l a t i o n s .  I n  F igu re  2, the  hour ly  

ave rages  of t h e  plasma data are shown. The stream s t r u c t u r e s  of the s o l a r  wind 

can e a s i l y  be seen  from the solar wind speed Vp.  A l l  f i v e  spacecraft have 

observed  a stream behind a n  i n t e r p l a n e t a r y  shock. The shocks are marked wi th  

an arrow denoted by a S. The plasma parameters Vp, Np and T~ of each of these 

shocks  show a s i g n a t u r e  which is  c o n s i s t e n t  with a shock. Th i s  f i g u r e  shows 
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that  a l l  spacecraft observed on ly  one shock except  He l ios  1 and IMP-8 which 

observed two i n t e r p l a n e t a r y  shocks.  

The shocks a s s o c i a t e d  wi th  t h e  high speed  stream can be i d e n t i f i e d  i n  a l l  

f i v e  s p a c e c r a f t  obse rva t ions .  However, t h e  second shock found i n  t h e  data of 

He l ios  1 and IMP-8 should  be c l a s s i f i e d  as a t r a n s i e n t  shock. Th i s  shock was 

not  observed a t  s p a c e c r a f t  Hel ios  2,  and Voyager 2. F ive  p o s s i b l e  f lares that  

could gene ra t e  t h i s  shock are l i s t e d  i n  Table 11. 

Table 11. 

Probable Flares ( 1  978) 

Flare Date Time (UT) Locat i o n  Importance 

Jan.  1 0554 S2Oo E34O 1 N  

J an .  1 0727 S17O EIOO 1 N  

Jan.  1 0920 S17O E37O 1 N  

Jan .  1 21 45 S2 lo  E06O 2 N  

J an .  1 21 47 S19O E28O SN 

On January 1 ,  1978, t h e  sun was v e r y  a c t i v e .  I n  a d d i t i o n  t o  these f i v e  

s o l a r  f l a r e s ,  s o l a r  r a d i o  b u r s t s  of Type I1 and I V  were observed i n  t h e  per iod  

21:52 - 22:ll  UT. There were a l s o  s imultaneous f lares  a t  t h e  ad jacen t  r eg ion  

t o  the  s i t e  of t h e  21:47 UT f lare .  

The first shock event  can be i d e n t i f i e d  as a c o r o t a t i n g  shock because i t  

was a s s o c i a t e d  w i t h  a c o r o t a t i n g  stream. Indeed ,  t h i s  c o r o t a t i n g  stream is 

a l s o  observed by Hel ios  2 i n  t h e  previous and t h e  fo l lowing  solar r o t a t i o n s  as 

shown i n  F igure  3. Thus, the  shock a s s o c i a t e d  wi th  t h i s  s t ream is a c o r o t a t i n g  

shock. The t r a v e l  time TAB between s p a c e c r a f t  A and B of a c o r o t a t i n g  shock 

can be  estimated as: 
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where A$ is the angular  s e p a r a t i o n  of t he  two spacecraft;  rB and rA are the 

h e l i o c e n t r i c  d i s t a n c e s  of B and A r e s p e c t i v e l y ;  and VSB and VSA are t h e  radial 

speeds of the stream behind the c o r o t a t i n g  shock a t  l o n g i t u d e s  of B and A ,  

r e s p e c t i v e l y .  The estimated and observed t r a v e l  times between each spacecraft 

are shown i n  Table  111. 

Table 111. 

Trave l  Time of t h e  Coro ta t ing  Shock 

From 

Helios 1 

- 
Trave l  T i m e  (Day)  

To Observed Estimated - 
Hel ios  2 1 . 6  2.5 

He l ios  2 IMP-8 0 . 3  0.5 

Hel ios  1 Voyager 2 4.0 4 . 3  

The observed and estimated travel times of the  c o r o t a t i n g  shock do not  

ag ree  w i t h  each o t h e r  as can be seen i n  Table 111. The observed t r a v e l  time is 

less t h a n  t h e  estimated time. A poss ib l e  e x p l a n a t i o n  of the  d i s c r e p a n c i e s  is  

given as fo l lows .  The January  1st f la re  d i s tu rbance  s t a r t i n g  a t  0727 UT 

( o r i g i n a t i n g  from the east  s i d e  of IMP-8 and He l ios  2 i n  h e l i o c e n t r i c  l o n g i -  

t u d e )  can push the c o r o t a t i n g  stream i n  such a manner t h a t  t h e  f l a r e  shock 

c o a l e s c e s  w i t h  t h e  c o r o t a t i n g  shock and t h e  c o n f i g u r a t i o n  of t h e  c o r o t a t i n g  

shock f r o n t  resembles tha t  of a t r a n s i e n t  shock. Thus,  t h i s  d i s t o r t e d  

c o r o t a t i n g  shock f r o n t  w i l l  reach Helios  2 and IMP-8 a t  an ear l ie r  time than  

t h a t  estimated from a c o r o t a t i n g  shock which is not  i n f luenced  by the f l a r e  

shock. The observed t r a v e l  time can t h u s  be sho r t ened .  
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The t r a n s i e n t  shocks observed  a t  He l ios  1 on Jan .  3, 0838 UT and a t  IMP-8 

on Jan .  5, 1600 UT can be assumed t o  be caused by a solar event  a s s o c i a t e d  

wi th  a f la re  and s o l a r  r a d i o  b u r s t s  of Type  I1 and I V  s t a r t i n g  a t  2147 UT. 

The solar obse rva t ions  s t r o n g l y  sugges t  that  a t r a n s i e n t  shock has  a l r e a d y  

developed n e a r  t he  sun. In o r d e r  f o r  the  shock t o  a r r i v e  a t  He l ios  1 and IMP-8 

a t  t h e  observed  times, t h e  shock c o n f i g u r a t i o n  has t o  have an e longa ted  shape. 

From the d e s c r i p t i o n  given above, we conclude that  there  were a t  least  two 

t r a n s i e n t  shocks and one c o r o t a t i o n  shock t o  g e n e r a t e  a sequence of i n t e r -  

p l a n e t a r y  e v e n t s  which a r r i v e d  a t  each spacecraft i n  agreement wi th  observa- 

t i o n s .  An improved numerical  s imula t ion  method of Hakamada and Akasofu (1981, 

1982) by Olmsted and Akasofu (1983) w i l l  be used t o  demonstrate t h a t  our 

d e s c r i p t i o n  of t h i s  s o l a r  and i n t e r p l a n e t a r y  event  is s e l f - c o n s i s t e n t .  

111. SIMULATION OF THE J A N U A R Y  1-7, 1978 EVENT 

A series of even t s  du r ing  t h e  period between 2 and 7 January  1978 has been 

r eco rded  by a set of spacecraft, Hel ios  1 and 2 ,  IMP-8 and Voyager 2. The 

s o l a r  o r i g i n  of these e v e n t s  has been i d e n t i f i e d .  T h e  background f low p a t t e r n  

i n c l u d i n g  the  c o r o t a t i n g  shock w i l l  be simulated first us ing  t h e  o b s e r v a t i o n s  

of t h e  large-scale s o l a r  magnetic f i e l d s  (Hoeksema, 1984) as the s i m u l a t i o n  

i n p u t .  The h e l i o s p h e r i c  c u r r e n t  sheet computed on a s o u r c e  s u r f a c e  a t  3.5 

s o l a r  r a d i i  f o r  the Car r ing ton  Rota t ion  1663 i s  shown i n  F igu re  4 ;  the  map was 

provided  by Hoeksema (1984).  It is assumed tha t  t h e  i n i t i a l  s o l a r  wind speed 

from the n e u t r a l  l i n e  i s  minimum (300 km/sec) and t h a t  i t  i n c r e a s e s  towards 

higher l a t i t u d e s  w i t h  a g iven  g r a d i e n t  f o r  a g iven  epoch of a sunspo t  cycle; 

f o r  details  see Akasofu and F r y  (1986).  This  sou rce  surface g e n e r a t e s  the 

basic IMF p a t t e r n  as can be s e e n  i n  F igu re  5. The r e s u l t i n g  IMP p a t t e r n  is 

c h a r a c t e r i z e d  by on ly  a one-sp i ra l  a r m  s t r u c t u r e  du r ing  t h i s  p a r t i c u l a r  
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Car r ing ton  Rota t ion .  The magnetic f i e l d  is cons iderably  compressed i n  t h e  

v i c i n i t y  of the c o r o t a t i n g  shock. The c a l c u l a t e d  a r r i v a l  time of t he  

c o r o t a t i n g  shock a t  Hel ios  1 agrees with obse rva t ions  shown i n  Table  I. Thus, 

we conclude that  t h e  observed IMF s t r u c t u r e s  a s s o c i a t e d  w i t h  high speed 

streams can be  reproduced by  our  s imula t ion  method on t h e  basis of t h e  

S tan fo rd  source  s u r f a c e  data. 

Assuming t h i s  shock i s  a s t a t i o n a r y  s t r u c t u r e  c o r o t a t i n g  w i t h  the sun, t hen  

the  estimated a r r i v a l  time a t  Hel ios  1 and IMP-8 do not  agree w i t h  observa- 

t i o n s  as shown i n  Table  111. The s imula t ion  r e s u l t  s u g g e s t s  tha t  t h i s  

d i f f i c u l t y  can be removed by not ing  t h a t  a t  least  two s o l a r  f lares  occurred  

dur ing  t h i s  pe r iod ,  gene ra t ing  a s e r i e s  of i n t e r p l a n e t a r y  even t s .  Here, we 

r e c o n s t r u c t  t h e  event  q u a n t i t a t i v e l y  by our  s imula t ion  method. The s t a r t i n g  

time of the  f l a r e s ,  and the  basic values  f o r  t h e  f l a r e  parameters used f o r  t h e  

s imula t ion  are given i n  Table I V .  

Table I V .  

Parameters Used f o r  t h e  Simulat ion 

T U 
REMARKS 

vF START TIME 
UT LONG. LAT. (km/sec) ( H R S )  ( " 1  - -  -- 

Flare I Jan .  1 0727 EIOO S17O 1000 4.0 20 Type I1 & I V  
F l a r e  I1 Jan .  1 2147 E32O S19O 3300 7.5 20 Radio Burs t s  

These two flares are s e l e c t e d  from the book llExperimental  Comprehensive 

S o l a r  F l a r e  I n d i c e s  f o r  rcMajorrl and C e r t a i n  Lesser F l a r e s  1975-1 979" compiled 

by Dodson and Hedeman (1981).  The d e t a i l e d  d e s c r i p t i o n  of t h e  f l a r e  parameters  

is g iven  by Akasofu et a1 . (1  983). 

Figure 5 shows our s imula t ion  r e s u l t s .  With t h e  assumed sets  of the para- 

meters, t h e  computed a r r i v a l  times of t h e  shock waves agree well with t h e  

observed ones (see Table  1 ) .  According t o  our s imula t ion  s t u d y ,  t h e  i n t e r -  
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a c t i o n  of t h e  f l a r e  shock I wi th  t he  c o r o t a t i n g  shock on Jan .  1 ,  1200 UT (see 

F igure  5) causes  t h e  c o r o t a t i n g  shock changing i n  shape. The f l a r e  I shock has 

coa lesced  w i t h  the  c o r o t a t i n g  shock before  r each ing  He l ios  2. The re fo re ,  t he  

obse rva t ions  a t  He l ios  2 and IMP-8 d i d  no t  f i n d  t h e  f l a r e  I shock. I n  f a c t ,  

He l ios  2 and IMP-8 have observed a coa lesced  shock wi th  a shock s u r f a c e  which 

is pushed t o  resemble more l i k e  a t r a n s i e n t  shock. This  is the  r eason  why the  

estimated a r r i v a l  times of t h e  c o r o t a t i n g  shock a t  He l ios  2 and IMP-8 from Eq. 

( 1 )  d i d  no t  agree wi th  the observed ones shown i n  Table 1 .  The f la re  I1 shock 

was launched 15 hours  l a te r  w i t h  a faster speed r each ing  He l ios  1 a t  approxi-  

mately the  same time as the f l a r e  I shock. a r r i v e s  a t  He l ios  2. The f lare  I1 

shock had a shape which is so  e loga ted  t ha t  a t  H e l i o s  1 ,  a moderate s t r e n g t h  

shock fo l lowed by a high speed stream has been observed.  Away from the c e n t r a l  

mer id ian  of f l a r e  11, t h e  s t r e n g t h  of t h e  f l a r e  I1 shock becomes s o  weak t h a t  

t he  shock may n o t  be well-developed near  t h e  s k i r t  by He l ios  2 and IMP-8. I n  

f a c t ,  t h e  o b s e r v a t i o n s  show tha t  the  f la re  I1 shock a t  IMP-8 is a very weak 

shock w i t h  a broad t r a n s i t i o n  reg ion  i n  a l l  t h e  plasma and magnet ic  f i e l d  

data. It  should  be called a non-linear compressional wave. A t  He l ios  2 ,  t h i s  

shock has not  been observed a t  a l l .  

Beyond 1 A U ,  t h e  f la re  I1 shock a l s o  coa lesced  with the c o r o t a t i n g  and 

f lare  I shock such  t h a t  a l l  three shocks coa lesced  i n t o  one shock i n  a r e g i o n  

i n  I P  space between the  h e l i o c e n t r i c  l o n g i t u d e s  of Hel ios  1 and 2. This  

coa lesced  shock reaches Voyager 2 on Jan .  6 ,  0100 UT which agrees with the 

observed time. 

I n  F i g u r e  6 ,  we show both the time p r o f i l e s  of t he  s o l a r  wind v e l o c i t y ,  

d e n s i t y  and t h e  IMF magnitude observed by t h e  IMP 8 sa t e l l i t e s  and t h e  

s imula t ed  time profiles. Although de ta i l s  are s i g n i f i c a n t l y  d i f f e r e n t  , the  

s imula t ed  p r o f i l e s  reproduce f a i r l y  well t h e  observed ones. 
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I V .  DISCUSSION 

The disappearance of t h e  t r a n s i e n t  shock a t  He l ios  2 is s t i l l  an unresolved 

ques t ion  i n  t h i s  s t u d y ;  even t h e  t r a n s i e n t  shock a t  IMP-8 is not  a well 

developed shock and should  be c a l l e d  a non l inea r  compressional wave. One 

p o s s i b l e  sugges t ion  is t h a t  t h e  t r a n s i e n t  shock propagated i n t o  t h e  downstream 

r e g i o n  of the c o r o t a t i n g  shock and parts of the shock f r o n t  may have 

degenerated i n t o  nonl inear  d i s turbances  or disappeared.  The f la re  sends  a very 

narrow ejecta i n t o  i n t e r p l a n e t a r y  space such t h a t  a well developed shock,  and 

its a s s o c i a t e d  f low,  can be observed o n l y  a t  Hel ios  1 ' s  l ong i tude .  On t h e  

o the r  hand, t h e  nonl inear  dis turbance genera ted  by t h e  f l a r e  w i l l  cover a , 

g r e a t e r  range i n  h e l i o c e n t r i c  longi tude  s o  t h a t  a non l inea r  shock- l ike  d i s t u r -  

bance was observed a t  IMP-8. 

/ 

, 

Burlaga e t  a l .  (1981 1 suggested tha t  one t r a n s i e n t  i n t e r p l a n e t a r y  shock 

w i t h  a magnetic c loud was observed by 5 s p a c e c r a f t  (Hel ios  1 and 2,  IMP-8 and 

Voyager 1 and 2 ) .  Although our i n t e r p r e t a t i o n  of t h e  i n t e r a c t i o n  of shock 

e v e n t s  is d i f f e r e n t  from t h e i r s ,  we a l s o  conclude t h a t  t hose  shocks i d e n t i f i e d  

by Burlaga e t  a l .  (1981 1 a r e  f l a r e - a s s o c i a t e d .  Those f l a r e - a s s o c i a t e d  shocks ,  

except  t h e  one observed by Hel ios  1 ,  have a c h a r a c t e r i s t i c  of a c o r o t a t i n g  

shock because t h e y  are a s s o c i a t e d  w i t h  a c o r o t a t i n g  s t ream. It is not p o s s i b l e  

f o r  u s  t o  s t a t e  whether or not  t he  magnetic c loud fo l lowing  t h e  shocks is a 

c h a r a c t e r i s t i c  of a t r a n s i e n t  or a c o r o t a t i n g  shock. 

I n  conclus ion ,  we have used a numerical s imula t ion  method of Hakamada and 

Akasofu (1981,  19821,  and Olmsted and Akasofu ( 1  983)  t o  demonstrate t ha t  a 

sequence of i n t e r p l a n e t a r y  shock events a r e  caused by  t h e  two f l a r e - a s s o c i a t e d  

shocks and one c o r o t a t i n g  shock as  a r e s u l t  tha t  t h e  arr ival  times at  each 

s p a c e c r a f t  are i n  agreement wi th  the  obse rva t ions .  
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FIGURE CAPTIONS 

F ig .  1 .  P o s i t i o n s  of Helim 1 and 2, IMP-8 and Voyager 1 and 2 i n  t h e  pe r iod  

from January  1-7, 1978. 

( a )  Solar e q u a t o r i a l  p lane  view. 

( b )  Solar mer id ina l  p lane  v i e w .  

F ig .  2. Hourly averages  of the plasma data from He l ios  1 and 2, and IMP-8 f o r  

one  s o l a r  r o t a t i o n  pe r iod  inc lud ing  t h e  January  1-7, 1978 e v e n t .  

F i g .  3. Three consecu t ive  s o l a r  r o t a t i o n s  of plasma data of He l ios  2 space- 

c r a f t .  

F i g .  4 The S t a n f o r d  magnetic f i e l d  map on the s o u r c e  s u r f a c e .  The n e u t r a l  

l i n e  i s  i n d i c a t e d  by -0.0- ( c o u r t e s y  of J. T. Hoeksema, 1986).  The 

l o c a t i o n s  of Flare I and Flare I1 are i n d i c a t e d  by d o t s ,  and the 

p r o j e c t i o n  of t h e  ear th  t o  t he  s o u t h  s u r f a c e  is i n d i c a t e d  by a s t a r .  

F ig .  5. Success ive  IMP p a t t e r n s  f o r  the January  1-7, 1978 e v e n t .  

F ig .  6. Comparison of t h e  observed time p r o f i l e s  of t h e  s o l a r  wind speed, 

d e n s i t y  and t h e  IMF magnitude and t h e  cor responding  s imula t ed  

p r o f i l e s .  
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